Increase in use of biomass as renewable source of energy in Europe is tightly linked to the policies aimed at mitigation of climate changes i.e. reductions of greenhouse gas emissions. Both for assessment of the carbon sequestration and emissions as well as for assessment of potential amounts of biomass for renewable energy, information of land cover dynamics are essential. Therefore, the aim of our study was to improve accuracy of estimates of the land use changes in the time period between 1990 and 2014. Land use categories were determined in accordance to UNFCCC: wetland, cropland (arable land, bare field), forest, grassland, settlements (urban/suburban area), and other land. Combination of data from National forest inventory (NFI) sample plots and analysis of Landsat images were used. For the classification based on Landsat images vegetation index (NDVI) was estimated and linked to known information on the land use type from NFI sample plot data. In the analysed period, the most significant changes were found for forest lands -the total area of forest land during the last two decades had increased by 1% (64.5 thousand ha). Similar increase (1.2%) was observed also in the area of cropland. Both of these tendencies were primarily the result of marginal field area reduction (by 2.6%). Increase in forest area and thus annual increment has led to an increase in above-ground biomass by 10.2 m 3 ha -1 .
Introduction
Reliable information on landscape and its dynamics over time has been critical for managing and supporting related political decisions. Land cover and land use changes are inevitable phenomena due to the action and interaction of natural and human factors (Council of Europe, 2000) . During the past decade of remote sensing history, a significant progress of satellite remote sensing methods (Huang et al., 2010) has provided a unique, continuous record of earth observation (Main- Knorn et al., 2013) . Moreover, since the recent opening of the Landsat archive by the United States Geological Survey (USGS), it has proven to be of unmatched value in the monitoring and modelling of global land cover and land use change (Wulder et al., 2012) . Land cover and land use changes contribute key information about the process that results in landscape transformation (Lambin et al., 2001) . Land marginalization and intensification lead to changes in the land use patterns over Europe (Jongman, 1996) . Particularly in the former Soviet Union countries where paludification of the drained agricultural land as a legacy of extensive agriculture as well as former cropland overgrowing into forest lands, affected carbon fluxes (Kuemmerle et al., 2011) .
Land cover and land use change is the most dynamic driving factor of terrestrial carbon stock change (Schulp et al., 2008) . According to the United Nations Framework Convention on Climate Change, countries are required to report annually their greenhouse gas emissions (GHG) and stock changes (UNFCCC, 1997). Therefore, a consistent information of the carbon sequestration and emissions, including assessment of potential amounts of biomass such as for renewable energy and information of land cover and land use change dynamics is essential in carbon stock change and GHG emission from Land Use, Land-Use Change and Forestry (LULUCF) sector modelling and in relation to supporting political decisions (Dhillon & Wuehlisch, 2013) .
The methodological guidance of LULUCF is still insufficient. Up to now the GHG emissions calculations in Latvia have been based on data of moderate spatial (30 m) resolution satellite images classified by the unsupervised method. The main objective of land cover and land use analysis for Latvia is to understand better the extent of land cover evolution and dynamics in the country over the past two decades. Therefore, the aim of our study was to improve accuracy of estimates of the land use changes in the time period between 1990 and 2014. In addition, after a complete digitizing of the sample plots and their sectors of the National Forest Inventory in 2015, it was possible to describe land cover and land use change since 1990 more accurately.
Materials and Methods

Data and pre-processing
The framework of this research has been based on two types of data: the land cover and land use category change analysis between first (I) and second (II) National Forest Inventories (NFI) cycle, that cover the time period from 2004 to 2013 and analysis of a time series of the Landsat TM data covering the years 1990 to 2000 to monitor land cover changes using remote sensing and GIS techniques.
The NFI statistical data of forest resources in Latvia and spatial coordinates from all NFI permanent (1990, 1995 and 2000) to identify land cover changes that occurred from 1990 to 2000 was used. Landsat images had a nominal starting year of 1989 and an ending year 2000 due to limited data availability (cloud-free scenes), the actual temporal intervals between consecutive acquisitions can be different from the nominal interval (Huang et al., 2010) . As a result, for each five-year time step we also used a closest possible date with cloud-free image (still keeping consistency in seasonality)
Data analysis and classification methods
To compare land use change between both NFI observation cycles we used 'Tabulate Intersection' tool in ESRI ArcMap 10.2., where land use categories for each sample plot of the I NFI cycle was used as the input zone features, while land use categories for each sample plot of the II NFI cycle was as the input class features. We calculated how much of the zone was intersected by each class (area, ha).
Historic land use changes before measurements of the NFI were analysed with supervision classification, e.g. the maximum likelihood classification method (MLC) (Jensen, 2005) . We used six categories such as croplands (bare soil and agriculture), other lands, settlements (urban areas/ suburban areas), forest, wetlands and grasslands based on the United Nations Framework Convention on Climate Change (Mollicone et al., 2003) . For each category within every Landsat scene at least 20 ground truth polygons were digitized and a signature file with spectral attributes created (Jensen, 2005) . The supervision classification was performed in ESRI ArcMap 10.2. software.
Assessment of the loss of live biomass
We obtained the total live aboveground biomass from the NFI database for I and II cycles. The loss of the living biomass between I and II NFI cycles was calculated comparing the wood yields only in those areas where changes of the land cover and land use were detected. We distinguished separately those areas which were transformed into croplands, urban areas or grasslands as well as where the transformation was carried out in naturally afforested areas and in areas where the forest was grown before 1990. Yield stock changes were calculated using spatial layers (as .shp files) with information of the land cover and land use categories from the database of the NFI sample plots in the attribute table. We used 'Intersect' tool in ESRI ArcMap 10.2. to combine information of the wood volume for both cycles in one spatial layer and then calculated differences among them. Area for each sample plot and the wood yield (m 3 ha -1 ) for plot was extrapolated to its represented area and national level using conversation coefficient 0.7991807214 m 2 ha -1 . Finally, in those sample plots where land cover and land use transformation were detected, we calculated differences between I and II cycle and divided by the area in which the land-use change was detected, thereby obtaining a mean yield change. To describe the land cover and land use change after 2011 (for the time period from 2012 to 2014) we extrapolated measurements of the last five years based on linear extrapolation method of Intergovernmental panel on climate change (IPCC, 2014).
Results and Discussion
Land cover and land use change in the time period from 1990 to 2014
During the last hundred years in Latvia landscape has experienced major transformation from agricultural land to forest area. In 1935, the share of agricultural land in the whole territory of Latvia was 57.3% and forests occupied 26.6% of the land area (Bell et al., 2009) . Ongoing changes in the political systems in the country towards a harsh policy on the development of land-use structure during the Soviet period (1940 -1991) like collectivization of agriculture followed by deportations and the centralization of settlements (Nikodemus et al., 2005) . During the Soviet period from 1970 to late 80s in Latvia agricultural role decreased and production was more and more imported from other Soviet countries (Krumins, 2012) that caused a gradual decrease of agriculture land area (Mander & Palang, 1994) . The classification result of 1990 satellite images shows that most of the areas were forest covered -49.2% of the land area (a total area of Latvia is 64573 km 2 ), grasslands covered 26.3% and cropland occupied 11.5% (Figure 1) .
After the restoration of independence, the land restitution and privatization in 1992 -1999 resulted in the return of land to its previous owners. Our results are consistent with the continuing decline of cropland area over the study area. We detected that in a continuous five-year period the croplands declined to 10.8% of land area, while forests and grasslands increased to 49.6% and 26.6%, respectively. Reduced agriculture land share in a landscape can be attributed After Latvia's accession to the European Union in following years cropland areas increased while grasslands decreased accordingly. This research shows that according to most recent statistics to II cycle of the NFI in 2011, the dominant land cover and land use category was forest with 50.3% of total land area, grasslands and croplands occupied a substantial part of the land area (23.7% and 12.7%, respectively). While wetlands, settlements and other lands together represented a considerably smaller part of all landscape (13.3% of total area in 2010). Apparently, the common agriculture policy of European Union financial payments to maintain agriculture lands and farming provide a favourable economic environment for land owners (Nikodemus et al., 2010) . Our results (counting together croplands and grasslands) were similar to State Land Service reported -agricultural lands, including land currently in cultivation and abandoned areas at present occupy 38.1% of the land area of Latvia (State Land Service, 2006). A total deforested area for the time period from 1990 according to our results has been declared as 15.2 thousand ha including 4.0 thousand ha that has been deforested as wetlands and other lands which do not count in the GHG emissions. 11.2 thousand ha was transformed into cropland, urban area and fallow area, which is needed to be taken into account, when calculating GHG emissions. In the detailed analysis of land cover and land use, we found that in the time period from 1990 to 1995 the greater changes of the landscape pattern resulted in land transformation among croplands (at the beginning of the period) vs grasslands (at the end of the period) and grasslands vs forest (Table 1 .) indicating to land afforestation process. However, grassland transformation into forest land at the end of the period revealed the ongoing afforestation process for the time period from 1995 to 2000.
In the following years, interpretation of the land cover and land use categories shows a trend consistent mainly to croplands and grasslands. In the time period from 2000 to 2005, the cropland area of more than 60 thousand ha was transformed into grasslands. In another study Bara (2007) found an increasing trend of afforestation of croplands starting from 2004, relating with EU co-financing, thus in 2005 nearly five thousand ha of cropland have been afforested, besides most often intending to afforest abounded cropland with productive economic tree species (Bara, 2007 ). An increase of farming in cropland in the last decade has reflected in the area of cropland that has been increased by 61.3 thousand ha, mainly due to the decrease of grassland area. We assumed that annually and land use category was forest with 50.3% of total land area, grasslands and croplands occupied a substantial part of the land area (23.7% and 12.7%, respectively). While wetlands, settlements and other lands together represented a considerably smaller part of all landscape (13.3% of total area in 2010). Apparently, the common agriculture policy of European Union financial payments to maintain agriculture lands and farming provide a favourable economic environment for land owners (Nikodemus et al., 2010) . Our results (counting together croplands and grasslands) were similar to State Land Service reported -agricultural lands, including land currently in cultivation and abandoned areas at present occupy 38.1% of the land area of Latvia (State Land Service, 2006). A total deforested area for the time period from 1990 according to our results has been declared as 15.2 thousand ha including 4.0 thousand ha that has been deforested as wetlands and other lands which do not count in the GHG emissions. 11.2 thousand ha was transformed into cropland, urban area and fallow area, which is needed to be taken into account, when calculating GHG emissions. In the detailed analysis of land cover and land use, we found that in the time period from 1990 to 1995 the greater changes of the landscape pattern resulted in land transformation among croplands (at the beginning of the period) vs grasslands (at the end of the period) and grasslands vs forest (Table 1 .) indicating to land afforestation process. However, grassland transformation into forest land at the end of the period revealed the ongoing afforestation process for the time period from 1995 to 2000. In the following years, interpretation of the land cover and land use categories shows a trend consistent mainly to croplands and grasslands. In the time period from 2000 to 2005, the cropland area of more than 60 thousand ha was transformed into grasslands. In another study Bara (2007) found an increasing trend of afforestation of croplands starting from 2004, relating with EU co-financing, thus in 2005 nearly five thousand ha of cropland have been afforested, besides most often intending to afforest abounded cropland with productive economic tree species (Bara, 2007 ). An increase of farming in cropland in the last decade has reflected in the area of cropland that has been increased by 61.3 thousand ha, mainly due to the decrease of grassland area. We assumed that annually deforested area for 2012, 2013 and 2014 is identical to the time period from 2007 to 2011. The extrapolation of land cover and land use suggested that at the end of the period the total afforested area Endijs Bāders, Mārtiņš Lūkins, Juris Zariņš, Oskars Krišāns, Āris Jansons, Jurģis Jansons RECENT LAND COVER CHANGES IN LATVIA Table 2 . Changes in mean wood stock (Table 3 ) between both cycles of the NFI in transformed areas ranged from -72.62 m 3 ha -1 (forest lands transformed to wetlands) to 109.07 m 3 ha -1 (settlements transformed to forest). Accordingly, application of actualized calculation method would notably improve assessment of biomass dynamics at national scale aiding for reduction of material losses.
Conclusions
We conclude that most of the deforested areas were not as a result of unsupervised classification and actually have not derived from land use change, but are as biases in classification outcome, related to the colour spectrum changes in Landsat images. As well as identified boundary changes for sample plots in both cycles of the NFI often associated with the tree crown projection of an increase or a different acquisition time of aerial data or angle of an aerial photography which creates a misclassified land use type. Supervised classification showed that in the time period from 1990 to 2014 the deforested area in the sample plots of the NFI had been significantly lower than that was found in previous studies. A comparison of the above-ground biomass in sample plots of the NFI with identified land use change showed that as a result of the deforestation the aboveground biomass accumulation is decreasing less as it has been calculated before.
